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We obtain Bargmann-Michel-Telegdi equations of motion of classical spinning particle
using Lagrangian variational principle with Grassmann variables.
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The famous Bargmann-Michel-Telegdi (BMT) equations [1] describe the motion
of classical spinning particle with anomalous magnetic moment in the constant and
homogeneous electromagnetic field (see also [2] for textbook treatment). However,
their validity in the inhomogeneous field is unclear and the corresponding varia-
tional principle is unknown. To resolve these difficulties, in the present note we use
appropriate generalization of a method proposed by Ravndal [3] to describe the
motion of classical spinning particle with no anomalous magnetic moment using
four-dimensional Grassmann variables. Unlike the usual approach (see [4] and ref-
erences therein), the Ravndal’s one avoids any use of fifth coordinate which consid-
erably simplifies the theory. Later the motion in Schwarzschild [5], Taub-NUT [6,7],
Coulomb [8], and in the combined gravimagnetic [9] backgrounds as well as in the
torsion field [10] were considered within the Ravndal’s approach.
Working in the same approach, in the present letter we formulate an appro-
priate variational principle for classical spinning particle with anomalous magnetic
momentum and show that the corresponding equations of motion coincide with
BMT ones at the lowest orders of Grassmann analytic expansion. See also [11, 12]
for the description of anomalous magnetic moment within the usual five-dimensional
approach.
Let RS be the supercommutative superalgebra with infinite number of generators
and B = C∞(R)⊗RS , then B = B0⊕B1, where B0 and B1 are even and odd parts
of B respectively (see [13] for basic definitions of superspaces and superalgebras).
Let xµ ∈ B0 and ξ
µ
∈ B1 for each µ = 0, . . . , 3, so we deal with superspace B
4,4
∋
(xµ, ξµ), where xµ are coordinates of configuration space and ξµ are Grassmann
variables which describe the spin degrees of freedom.
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Let Fµν(x) be a ”super-electromagnetic field”, i.e. for each µ, ν it is a function
B4,0 → B which obeys the second pair of ”super-Maxwell equations”
εµνρσ∂Eν Fρσ = 0, (1)
where ∂Eµ is the so-called even derivative [13].
Consider the Lagrangian (cf. [3] for the case µ = e)
L =
(
m
2
x˙µx˙µ −
1
4
ξµξ˙µ
)
+ eAµx˙
µ +
µ′
2m
FµνSµν , (2)
where µ′/2m is the magnetic moment of a particle, Sµν =
1
2ξµξν is the spin tensor
and overdots mean the derivatives wrt proper time s of the particle. Impose the
constraint (cf. [3])
ξµx˙
µ = 0 (3)
and let λ be the corresponding Lagrange multiplier. Observe that the chain rule
holds for superdifferentiable functions (Theorem 4.4.2 of [13]). Then varying the
action
∫
(L + λξµx˙
µ) ds wrt x and ξ we obtain equations of motion (cf. [3] for the
case µ′ = e, then λ = 0)
mx¨µ = eFµν x˙ν +
µ′
2m
ηµκ(∂Eκ F
ρσ)Sρσ − (∂
E
ν λ)ξ
µx˙ν (4)
ξ˙µ =
µ′
m
Fµνξν − 2λx˙
µ. (5)
The above equations should preserve the constraint (3), so using (1) we obtain
λx˙µx˙µ =
µ′ − e
2m
Fµν x˙µξν . (6)
For f ∈ B4,4 let f be the nonzero term of lowest degree wrt the generators of
RS . Then x is of 0th degree, ξ is of 1th degree, F is of 0th degree and it is easily seen
that it obeys the second pair of usual Maxwell equations since ∂Eµ Fνρ = ∂µF νρ,
so it may be interpreted as usual electromagnetic field. Suppose xµx˙ µ = 1, then
using (4),(5) we obtain the closed system of equations of motion
mx¨µ = eFµν x˙ν (7)
mS˙µν = µ′F ρ[νS µ]ρ + (µ
′
− e)F ρσx˙ ρS
[µ
σ x˙
ν] (8)
which are equivalent to BMT ones.
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